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Patent 1: Corneal Cell Culturing and Transplantation 

BACKGROUND ON VARIOUS STEPS 

Title: 1A1 - Method of Obtaining and Culturing Cells for Corneal Cell 
Transplantation 

Background _ _ 

B rief desc rip tion of what this patent describes i 

This patent describes the improved methods of dissecting, seeding and subsequent 
propagation i of pure culture of human corneal endothelial cells on extracellular matrix. 
jW^proble^ does this address?:* 

This method of culturing human corneal endothelial cells (HCEC) will solve the 
problems: 

1 . HCEC cells can only be seeded at high density (2000-5000 cells/square mm) 
therefore limiting the possibility to start a primary culture from small specimen. 

2. HCEC cells cannot be passaged continuously at low seeding density (50-100 
cells/square mm) and therefore limiting the ability to expand the stock for storage 
and future use. 

How j.s this .different Tf-M 

This method of culturing HCEC on extracellular matrix enable the establishment of 
primary cultures from small specimens (100-500 cells) and also to expand these primary 
cell colonies via serial passage into large quantity of cells for transplantation and 
cryostorage for future use. 
^hat future applications might this haVe^ 

This method of cell culture can be used for the establishing and serial culturing of other 
cell types of human origins such as neurons, pancreatic beta cells, and chrondrocites. 

Specific Methods and/or Compositions 

ltePj£xt s ^ ^^9C descripd 

1. Establishing primary culture. 

Dissection of corneal endothelial cells: Corneal buttons or rims were placed endothelial side up, rinsed 
with PBS several times. A shallow cut was made inside the trebacular meshwork to expose the 
underlining Descement's membrane. By using a jeweler's forcep, the layer of endothelial cells were 
pulled off the stroma and placed facing downward onto an ECM coated 35 mm tissue culture plate. 0.5 
ml of media containing 15% fetal calf serum, antibiotics and 50 ng ofbFGF was added to the plate 
without allowing the tissue to detach from the ECM. The plate was incubated in 37 degree C and 10% 
C02 incubator for 24 hours, and then another 1 ml of media was added. The plate was left in the 
incubator without disturbance for 4-5 days. The media was changed on day 5 and 50 ng/ml of bFGF 
was added every other day until outgrowth of 100 to 200 cells was observed. 

Preparation of coated ECM plates for primary corneal endothelial culture and subsequent passaging. 
Bovine corneal endothelial cells (BCEC) in culture will be seeded onto dishes in a DME-H16 medium 
containing 10% FCS, 5% CS, 5% Dextran, 300 ug/ml glutamine, 2.5 ug/ml Amphotericin B t and 50 ng/ml 
bFGF. At confluency,(7- 10 days post seeding), the dishes will be treated with 20 mM NH40H at a volume 
sufficient to cover at lease 2/3 of the plate. After 5 minutes of shaking in a mechanical shaker, the NH40H 
will be aspirated and the dished rinsed 5 times with PBS ; The dishes will be stored at 4 degree C at lease 
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a week prior to use in order to eliminate any surviving BCEC Laminin and fibronectin will be dissolved 
in distilled water at 100 ug/ml. Type IV collagen will be dissolved in 0.6% v/v acetic acid/water. 
Laminin, fibronectin, and type IV collagen will be added to the ECM plates as needed for culture purpose. 

2. Expanding cell line. 

Serial culture of human corneal endothelial cells(HCEC). When the initial explant reached a population of 
200O00 cells, they were removed from the dish with a solution containing 0.05% trypsin, 0.02% EDTA in 
normal saline (STV solution). To facilitate the process, the cells in STV was incubated at 37 degree C for 
2-3 minutes, until >90% of the cells were round up. The STV was then removed, and the cells further 
incubated at 37 degree C for 1 minute. By using a I ml Pipetman, the cells were dislodged from the dish 
by repeated washing with medium containing 15% FCS. The primary HCEC thus harvested were 
added onto a 60 mm tissue culture dish coated with BCE-ECM. At no time during this procedure the cells 
were undergone centrifugation. 5 ml of culture media containing 15% FCS was added with 50 ng of bFGF. 
The media was changed every other days and bFGF was added at the time of medium change until the 
culture was confluent. 

3. Expansion of stock HCEC cells. 

.The confluent first passage cells were split into 10-20 6mm dishes coated with BCE-ECM. Under the same 
culture conditions as previously mentioned, the cells were grown to confluency . The cells were then 
trypsinized by using STV solution at 37 degree C for 5 minutes. The STV was then aspirated and the 
cells allowed to round up at room temperature (25 degree C). 5 ml of media containing 15% FCS was 
added to neutralize the STV. The cells were knocked off the dish by using a 1 ml Pipetman and the cell 
suspension was collected. 

* 

4. Freezing of HCEC stock. 

* * * 

For each of the 5 ml of HCEC collected, 0.5 ml of DMSO was added to the cell suspension. Each 1.1 ml of 
the mixture was aliquoted into a 1.5 ml crybpreservation tube to yield an approximate 1 million cells per 
. vial final concentration. The vials were then put into a Styrofoam box and let stand in a -80 degree C 
freezer for 24 hours. After I day, the ampoules were transfer into liquid nitrogen for long term storage. 

[Mternatiye ^ steps or. materuds M address pdtentid problenis or. if- aMn matenah ; ate iio£ 
available* 

If the extracellular matrix is not available, an artificial matrix can be generated although 
such material will not be as effective in promoting the growth and morphological 
integrity (hexagonal shape) of the HCEC. 

To generate the artificial matrix, fibronectin, laminin and RGDS are dissolve at 100 
ug/ml in distill water, collagen type IV is dissolved at 1 mg/ml in 0.01% acetic acid. 
Basic fibroblast growth factor is dissolced at lOOug/ml in bovine serum albumin (0.05% 
w/v). All the materials are mixed together in a 15 ml centrifuge tube and swirled gently to 
avoid bubbling. The mixture is then incubated at 4 degree C for two hours. 
To coat the tissue culture dishes, the mixture is diluted 1 : 10 with phosphate buffered 
saline, and then 1 ml of the solution is added to a 35 mm dish and store at 4 degree C for 
1 hour. Prior to use the solution is aspirated and the cell suspension will be added to the 
dish. 

Better methods or compositions if new materials or complementary methods betome 
available: 

U .... ■ — ■ , > 

At present the extracellular matrix coated plates can only.be stored in PBS at 4 degree C. 
This sometimes lead to bacterial or fungal contamination due to spilling of the storage 
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medium. A method of drying the coated dishes without losing biological activity is a big 
improvement. 

Inventive Contribution, Improvements 

iklsuli; the points of this idea you fed are 

1 . The combination of extracellular matrix coated dishes and addition of basic 
fibroblast growth factors to the culture medium for establishing primary culture of 
HCEC from small tissue specimen. 

2. The combination of extracellual matrix coated dishes and addition of basic 
fibroblast factor, epidermal growth factor to the culture medium for expansion of 
HCEC from low density (100-500 cells/square mm) to confluent culture in serial 
passaging. 

3. The use of artificial generated matrix materials coated dishes (fibronectin, 
laminin, RGDS, collagen type IV, basic fibroblast growth factor, bovine serum 
albumin) in lieu of extracellular matrix coated dishes for the propagation of 
HCEC. 

4. Use of dissection method to pull the corneal endothelium away from the stroma 
along the Descemet's membrane when establishing primary HCEC culture instead 
of using enzymatic method to dissociate the cells from the specimen. 

*********************************************** 
Titie: 1A2 ^Method of Dealing with HLA-typing In Corneal Cell Transplantation 

* 

Back ground . 

This patent describes ways to minimize the expression of histocompatibility antigens in 
lured HCEC ihrou^^ne m^kinj^ or cell banking. 

Despite the eye is known as a "immune privileged site", there is still a 25% graft 
rejection rate in native corneal transplantation. To generate cultured HCEC with 
depressed expression of allograft reactivity will decrease the rate of graft failure due to 
immune rejection. 

How is ibis .different. -fipm what's ; been done by^itheris?: 

The current approach is to use fetal or neonatal ceiis for corneal endothelial replacement, 
fe 1 ?.*, 1 is still reported to associate with 25 to 50% primary failure rate. 
jWhat future appjicatjp^ 

The gene masking or knock out concept can be used to create other universal donor cell 
lines in other organ. 

Specific Methods and/or Compositions 

$£P^fe met^qd and/or descnption^f comppsition:; 

1. Use of neonatal cells. 

Despite the eye being immune-privileged, there is still 25% rejection in corneal transplantation. It is known 
that cells derived from 4 month or younger donors do not express Class I HLA antigens. In addition, 
corneal button from such young donors are unsuitable for transplantation the curvature of the cornea is 



J 



3 



Inventor: Ge Ming Lui 
Patent Owner: Cellular Bioengineering, Inc. 
1946 Young Street Suite 480, Honolulu, HJ 96826 Phone: 808-949-2208 
too large. An advantage of using cell lines from neonatal donors is that the cell line established from such 
primary cultures has a longer in vitro life span than cells derived from older donors. Since it has been 
reported that transplanting neonatal corneal cells in animal model still associated with 25 to 50% failure 
rate, more studies must be done to determine if the failures were due to immune rejection or other physical 
or physiological perimeters. 

2. Gene knockout. 

The idea is to mask or delete the sequence in the genes of the HCEC culture which code for the Class I 
HLA antigen via transfection or other gene manipulation. This approach carries the risk that other 
functional entities may be altered or deleted, thus creating a transformed cell line. 

3. HLA Matching. 

This approach requires a step in cell banking. The ability to create HCEC primary cultures using the BCE- 
ECM method allows the establishment of a HCEC bank by cryostoring cells from many donors. All the 
banked cells can be typed and their HLA types recorded. When the need for corneal endothelial 
replacement arise, the HLA type for the recipient will also be typed and then matched against those of the 
stored HCEC in the cell bank. The cell line with the closest HLA type will be used for the cell 
transplantation. 

Available: ' 
Stem cell can be used in lieu of neonatal cells to test the hypothesis that cells which do 
not express cell surface immune epitopes will not elicit graft rejection in corneal 
endothelial cell replacement. 

1 

•Berter-mei^ 
available.' 

If a large number of HCEC cell lines can be established from different donors and their 
HLA typing information is documented, then trying to match the HLA type of the 
recipient with one of the cell line in the cell bank may be a simpler approach to avoid 
allograft reactivity. 

Incentive Contribution, Improvements 

te: a 0^e PCl n i§ of this idea : yr^^d^re M^k^^pi^ m patentable 'J 

1. Generation of universal donor HCEC lines by gene masking or gene knockout. 

2. To establish a HCEC bank to match HLA type with recipients of corneal graft to 
reduce the rate of graft failure due to immune rejection. 

********************************* 

Title: IB - Method of Transporting and Packaging Cells 
Background 

Brief description of what this patent describes:' 

This patent describes a method to create a carrier system for transportation of HCEC in 
tissue culture to a different location for immediate use in corneal endothelial cell 
replacement surgery. 
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tWhat problemfe) does this address?:' 

If HCEC is shipped by frozen ampoule in dry ice, the cells are not ready to be 
transplanted for at least 3 to 4 days after arrival. To circumvent this problem cells can be 
grown in tissue culture flask and shipped to the destination. This way the cefls still need 
to be trypsinized and reseeded onto the corneal button. Another way of transporting the 
cells is to grow them on biodegradable polymer sheet. They can be directly applied onto 
the denuded cornea immediately after arrival. 

How is Shis different from what ' s been don^y^iVrs^- 

HCEC are mostly transported in frozen ampoule. When shipped as stock in culture, they 
are grown in tissue culture flasks and transported as such. 

What fiiture applications might this liave?:; 

This biodegradable polymer can be modified for carrying other human cell types for 
transplantation in other parts of the eye and also other organs. 

* 

Specific Methods and/or Compositions 

S^^^jR^f* 1 ^ method, and/or djescnpt^ 

Cell Transporting & Packaging 

1. Ampoule. 

♦ a 

The frozen HCEC stock are stored in liquid nitrogen. Each ampoule contain approximately I million cells 
immersed in 1 ml of culture medium (15% FCS and 10% DMSO). When defrosting these cells, they are 
added directly to a 6mm culture dish with 5 ml of media without centrifugation. The dish of cell will be 
incubated at 37 degree C for 30 minutes, then the media will be aspirated and replaced with fresh media. 
The cells will be maintained in the incubator for at least 24-48 hours before they can be trypsinized and 
used for seeding denuded corneal buttons. The ampoule can be shipped in Styrofoam box containing dry 
ice. After arriving at the destination, it has to be stored at -80 degree C (for no more than 7 days) or in 
liquid nitrogen for long term storage. 

2. Sheet of coated cells, transfer onto biodegradable material. 

Instead of shipping the HCEC in frozen ampoules, cells can be shipped in a mono-layer grown in 
detachable membranes. In this case a biodegradable material which can be coated with cell adhesion 
proteins or BCE-ECM will be preferred. The HCEC will be grown to confluency in the membrane, which 
will than be deposited into a flask filled with the culture medium. It can then be packaged and shipped 
, overnight to the user. After arrival, the cell layer can be directly applied onto the denuded cornea via 
suturing or glue, thus making it ready for transplantation. If the cells are not used for surgery right away, it 
can be deposited into a tissue culture dish and start another culture. 

3. Precoated cornea. 

If available, the corneal button from human donor can be denuded and replaced with cultured HCEC 
(details for denudation and coating will be discussed in later section). The coated cornea will be 
maintained in incubator for at lease 24 hours prior to shipping to prevent cell detachment due to lower 
temperature during transportation (usually 25 degree C). The coated cornea can be package in corneal 
storage medium similar to those used in storing donated cornea. The coated comea can be used for surgery 
within a period of 3-4 days. 
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Alternative steps or materials to address potential problenis or if certain materi^^e¥ot 
available: 

The biodegradable polymer has to be biocompatible and not excessively swelling when it 
is submerged in fluid. An additional advantage is for it to be strong enough to withstand 
suturing. Otherwise gluing onto the cornea can be the alternative. If such polymer is not 
E?!^!i>!L?-Y5?^*?!.^ P^iL^PJ^Sl 0 .? 1 .' P}?5}brane .siKh as ammiontic membran e can be tes ted. 
Better methods^r compositions iL"^™?^?^^ 
available:! " 

An ideal polymer for this purpose, besides being biodegradable, will be one in a semi- 
solid state which can be coated with extracellular matrix>or Diamond-Like-Carbon 
(DLC). This modification enables the coated polymer to act as carriers for cells derived 
from neural origin for cell transplantation and other applications. 

Inventive Contribution, Improvements 

jpQst ,altjhe points jWsJ^ an^of pat^ntoble^ 

1. A sheet of biodegradable polymer with HCEC cells grown on it can be used as 
carrier for shipping the cells. 

2. HCEC grown on a sheet of biodegradable polymer can be applied directly onto 
denuded cornea button by suturing or gluing in corneal endothelial replacement 
surgery. 

3. Modification on the surface of the polymer by coating with ectracellular matrix, 
DLC, adhesive proteins, or growth factors can make this carrier useful for other 
cell types, especially nerve cells. 

***************************************** 

■ 

Title: 1C - Method of Creating a Pre-Coated Cornea for Corneal Cell 
Transplantation 

Background 

Brief description of whatihis patent describes:: 

This patent describes a method to protect a denuded cornea coated with cultured HCEC 

*9 r *5LP u !P?? e of sior *S?> jR^spprttog. and u °der surgical manipulation, 
•roblertis does this address?: 

Cultured HCEC seeded onto denuded cornea sometimes detach from the surface during 
surgical procedure (suturing), or during transportation^ 
3<?w isjhi^sdjfferent^ 

problem has not been previously addressed. 
|What fa ture appiications might this have?? 

The addition of cytoprotective agent (Healon) into the cornea storage medium may create 
a new generation of this product. 
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Specific Methods and/or Compositions 

Precoated Cornea 

1 . Protection storage of cornea (Healon). 

* 

In comparison to native cornea button, coated (or resurfaced) cornea endure a short storage period (3-4 
days instead of up to 7 days in the case of native cornea). A good technique to lengthen the storage period 
of a coated cornea is to use cyto-protective agents such as Healon to prevent cell detachment after coating. 
When the Healon is conjugated with bFGF, it can maintain the coated cells in the storage medium for 7-10 
days, which is similar to storing native cornea button. 

In this approach, 0.5 ml of Healon (conjugated with 1 00 ng of bFGF) will be added to the cell suspension 
during the coating process. After the incubation , the cornea will be rinsed with fresh media and deposited 
into a cornea storage medium with 2 ml of Healon ( conjugated with 500 ng of bFGF). The corneal button 
can then be shipped. 

2. Cryostorage (may not be practical). 

In order to store cornea button in liquid nitrogen, an anti-icing agent such as DMSO or ethylene 
glycol must be added to the freezing media to prevent the rupturing of cells in the button. Unfortunately, all 
of the known anti-icing agent are toxic to some extent so that the absorption into the stroma during 
defrosting may be a potential health hazard. Until a new non-toxic anti-icing agent can be identified, this 
approach is not very promising. 

available^ 

• • •• ■ • » 

Healon is a patented product. If it is not available as an ingredient for a new product, 
other cytoprotective agent such as polycarbophyll, carboxymethylsephadex, hyuaronic 
acid can be used. 

Better me^od^pr comgioskions if nevv: materials or co riipfemen Bfy jftetfiodrbSoi^ 
a vailab le: 

When basic fibroblast growth factor is conjugated with Healon, it works better to 
preserve the integrity of the cultured HCEC coated onto the denuded cornea. 

Inventive Contribution, Improvements 

'(List ?pli the points of tKis idea* you* feei;are noyef;: cnticial^ and/or patentable^ 

1 : Use of cytoprotective agent(s) to overlay the cultured HCEC seeded onto denuded 

cornea to minimize cell detachment during surgical manipulation. 
2. Addition of cytoprotective agent and growth factors into the cornea storage 
medium for shipping and storage of cornea coated with HCEC. 
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Title: ID - Method of Denuding and Coating an Existing Cornea for Corneal Cell 
Transplantation or Correction 

Background 

• Brief de spri ption of what this patent describes:' 

This patent describes methods to remove the native corneal endothelial cells from the 
corneal button and the application of adhesive proteins/growth factors mixture to coat the 
denuded come^^(^prior Jto^eedi ng cultured HCEC on top. 

^?LP^ b L^iiL#^ this address?:- 

The problems addressed by this patent are: 

1. How to completely remove the native corneal endothelial cells without damaging 
the underlying membrane. 

2. How to ensure a firm attachment of the cultured HCEC onto the denuded cornea> 

3. How to achieve a firm attachment of the HCEC in the shortest possible incubation 
time. 

How is th is different frott T what^sTbeen T^e^y oth^s?:] 

The commonly used method for removing the existing corneal endothelial cells is by 
means of swiping the endothelial layer with a wetted microsponge. The approach may 
lead to uneven removal of cells and damage in the underlying membrane in certain areas. 
We use a chemical agent in addition to the mechanical swiping to remove the endothelial 
cells uniformly and completely. 

At the same time, no attempt has been made to pre-coat the denuded corneal button prior 
to seeding the culture HCEC onto it, therefore making it difficult for the cells to form 
firm atta chmen t in a short time. 
What :^Ure ap^c^qns might this ^Vje?:| 

This same application (adhesive proteins/growth factors mixture) can be used to coat the 
artificial cornea made of biopolymers prior to seeding cultured HCEC cells onto its 
surface for transplantation. 

Specific Methods and/or Compositions 

^^X: s iSR Pfej method and/ of '(description bf gQmf posi tfori :j 

Denuding & Coating of Existing Cornea 
Denuding. 

a. Triton X - Due to the gentle nature of this detergent, a range of concentrations can be used for the 
denudation of the native endothelial cells. The concentration ranges from 0.01% to 1 % v/v of Triton X in 
PBS can be used for this purpose. The cornea button will be placed endothelial side up in a 
polymethylmetharylate holder. Triton x will be added in sufficient volume (about 700 ul) to completely 
cover the cornea without spilling. After 5 minutes of incubation at 25 degree C, the Triton X will be 
aspirated and the cornea washed 10 times with PBS. 

b. Ammonium Hydroxide - Ammonium hydroxide proves to be very effective in removing the native 
corneal endothelial cells in a short time (2-5 minutes) and at a low concentration (20 mM). However, due to 
its strong alkali property sometimes the underlining Descemef s membrane as well as the stroma show 
signs of damage. This method was preferred in animal studies since a lot of the animals used showed 
regenerative endothelial cells from the host, which never occurs in human. A method to reconstitute the 
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underlining Descemet's membrane by using adheresive proteins (see later section) may make this method 
of denudation an alternative to the Triton X method. 

c. Hypoosmotic hydrolytic - In this approach the cornea will be placed endothelial side up in a holder and 
700 ul of distill water is added to the cornea! button. After 15 minutes of incubation at 25 degree C 300 ul 
of water will be aspirated. A cellulose micro sponge will be used to gently sweep the entire wetted 
endothelium. The corneal button will then be washed 3 times with PBS, 

d. Mechanical - This method provide the most rapid approach in removing the native endothelium but 
suffers from two disadvantages. The first being it is hard to remove all the native endothelial cells evenly. 
This is important since the need for corneal endothelial replacement arise only because the old endothelial 
layer was damaged or diseased and therefore required total removal. The second weakness of this method is 
that if the sweeping was done too harshly, it may also damage the Descemet's membrane. In this case 

' reconstitution with attachment proteins is warranted. 

Coating. 

a. Recreate Descemet's membrane by using attachment factor. 

For this purpose 4 attachment proteins, 2 growth factors and 1 conjugating polyglycan will be used. 3 of the 
attachment factors, laminin, and RGDS will be dissolved in PBS at a concentration of 500 ug/ml. Collagen 
type IV will be dissolved in 0.1 M acetic acid at a concentration of 500 ug/ml. To create conjugation of 
bFGF and EGF to the polymer, in this case we can use either heparan sulfate or polycarbophyll, the bFGF 
is dissolved at a concentration of 10 ug/ml and EGF dissolved at concentration of 100 ug/ml in PBS. 
Polycarbophyll is also dissolved in PBS at a concentration of 1 mg/ml. Then equal volume of bFGF, EGF 
and polycarbophyll (1 ml of each) will be mixed together and swirled gently for 2-3 minutes. The mixture 
is allowed to stand in room temperature for 30 minutes. In the mean time 1 ml each of laminin, fibroriectin 
and RGDS will be mixed with 3 ml of collagen type IV, also agitated gently to avoid excess foaming of the 
protein. The growth factors mixture will then be addeduo the adhesion proteins mixture and the resulting 
solution be mixed by hand gently for 3 minutes. This solution of reconstituted ECM will be kept at 4 
degree C for 2 hours minimum to allow further interaction prior to be used for coating of denuded cornea. 
To coat the denuded cornea button; the cornea is placed endothelial side up in a holder and the denudation 
step as previously described will first be performed. After rinsing with PBS extensively, 700 ul of the 
adhersive-growth factors mixture will be added to the corneal button. The cornea will then be incubated at 
4 degree C for 20 minutes and the mixture be aspirated. Depending on the degree of damage to the 
Descmet's Membrane caused by the denudation step, the coating procedure can be repeated 2-3 times to 
enhence the deposition of the ECM-like material and thus obtaining better results of HCEC adhesion and 
function. 

b. Use growth factor: EGF & FGF (conjugated). 
This part was covered in the previous section. 

c. Healon(hyuaIonic acid). Protects cell and cornea stroma. Healon will be used for two purposes: 

\ ... 

1 . To prevent the cornea button from excessive swelling during the cell coating process. It is 
observed that during the seeding of HCEC onto the denuded cornea, the cornea usually becomes swollen 
into 2 to 3 times its original thickness due to absorption of the culture media during the incubation period. 
However, if the denuded cornea was first treated with adhesion proteins as previously described, then 300 
ul of Healon was added prior to the seeding of HCEC cells onto the denuded cornea for the duration of the 
incubation period, then the cornea swelling will be reduced by 80-90%. 

2. To prevent the newly attached HCEC from dislodging as a result of surgical manipulation. 
Since the incubation period for HCEC coating onto the denuded cornea is as short as 30 minutes, some of 
the cells may not be firmly attached when the cornea is subsequently trephined and sutured. These surgical 
manipulations may cause detachment of loosely adhered cells into the anterior chamber causing fibrin 
formation as well as insufficient cell coating of the cornea. To overcome this problem, after the cell coating 
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step is completed and the cornea is rinsed , 700 ul of Healon is added to the cornea button and then the 
cornea can be used for transplantation. The Healon served as a cytoprotectant throughout the surgery. 

* 

3. Surgery 

a. Always use I/2mm larger corneal button. 

This is feasible if cornea from another donor is used for the surgery. However, if the recipient's own 
stroma is used for the cornea endothelial replacement surgery, then the same size cornea button will be 
used. 

b. Always use heparin to wash interior chamber (prevent fibrin formation). 

It is observed during the opening of the anterior chamber (by way of trephining out the damaged cornea 
button), bleeding into the anterior chamber sometimes occurred. This will cause formation of fibrin clot 
post surgically (in animal at lease) and sometimes leads to graft rejection. A good practice is always to 
rinse the anterior chamber with heparin, injection after opening the comea prior to suturing back the 
replacement cornea regardless of whether bleeding occurred or not. 

c. Fill anterior chamber with elastic viscous agent (Healon). 

After rinsing with heparin, the anterior chamber will be filled with Healon for the duration of the surgery. 
The viscosity of the Healon will help to support the cornea in position during the suturing process. It also 
serve as protectant for the newly coated HCEC. 

d. Suturing: 8 uninterrupted at 1 80 degree opposite.to fix. Then continuous to prevent the rupturing of the 
cornea, both interrupted and running suture techniques will be employed at the same time. 

e. Close suture knot inside of eye. 

To prevent irritation of the eye post surgically. 

available: ~ ^ 

If donor cornea buttons are not sufficient to fulfill the demand for corneal endothelial cell 
replacement, artificial corneal buttons (made from biopolymers which are biocompatible 
and strong enough to undergo suturing) can be used as substitute for corneal stroma onto 
which the HCEC cells be seeded and transplant. Coating with a cocktail of attachment 
proteins/growth factors in this case becomes more essential to ensure a satisfactory 
attachment of the cultured cells. 

Better meAqds or compositions if new materials or c6mpterrientary mrthods^comS 
available:* 

If a new biopolymer which is high in tensile strength and will not swell excessively when 
immerge in liquid media can be synthesized, and the polymer is tested biocompatible to 
be used as artificial cornea, then the adhesive proteins/growth factors mixture can be 
incorporated into the polymer during synthesis. This will generate a ready to use artificial 
corneal button. 

Inventive Contribution. Improvements 

(List all the pbinte of this idea you feel are novel), crijica^nr^or pat entaBleO' 
1 . Improved method for denuding the native cornea without damaging the 
underlying membrane. 
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2. Composition of adhesive proteins/growth factors cocktail as pre-coating material 
to facilitate HCEC attachment to denuded cornea. 

3. Use of the adhesive proteins/growth factors mixture to coat the artificial cornea to 
enhance HCEC attachment. 

4. Incorporation of the adhesive proteins/growth factors mixture into a new synthetic 
biopolymer to make a ready to use artificial cornea button. 

************************************************* 



i. 
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The Law Office of Joseph G. Contrera, Esq. 

Patents. Copyrights, Trademarks and Licensing 
1 5004. bltterroot way rockville. md 20853-1 7 1 1 

' Phone: 240-98S6763 Fax: 30 1-929-1 254 EMAiuJosEPH.CONTRERA@CoMCASr.NET 

October 6, 2003 

Dr. Hank Wuh 
Cellular Bioengineering, Inc. 
1946 Young Street, Suite 480 
Honolulu, HI 96826 

Re: Draft Claims for Application 1 

Corneal Cell Culturing and Transplantation 
OurRef. No.: 1003-0001 

This draft patent application describes the improved methods of dissecting, 
seeding and subsequent propagation of pure culture of human corneal endothelial cells 

on an extracellular matrix; 

• 

1. The method of non-enzymatic harvesting and in vitro culturing corneal endothelial 
cells for transplantation comprising dissecting corneal endothelial cells from a tissue 
source; growing said corneal endothelial cells at a low density in a range of about 100 to 
500 cells per square millimeter in a primary culture system comprising extracellular matrix 
coated (ECM) culture plates for a period of time; passaging said cells into a secondary 
culture system wherein the secondary culture system is comprised of an ECM coated 
culture plates and the addition of sufficient cellular growth factors until the cells are grown 
to confluency; and wherein said cells have grown to confluence and are then harvested 
from the second culture system in sufficient quantities to be useful in transplantation to a 
subject in vivo, 

i 

2. The method of claim 1 wherein the dissection of the corneal endothelial cells 
comprises removal of the cells from the tissue source such that the cells are dissected 
away from the stroma of said tissue source prior to growing in the first culture system. 

* 

3. The method of claim 2 wherein said tissue source can be corneal buttons or rims. 

4. . The method of claim 2 wherein the ECM is comprised of Bovine corneal 
endothelial cell extracellular matrix (BCE-ECM). 

5. The method of claim 2 wherein the ECM is comprised of an artificially generated 
extracellular matrix (AG-ECM); 

6. The method of claim 4 wherein the Bovine corneal endothelial cell extracellular 
matrix (BCE-ECM) is made by the process comprising: 

a) Bovine corneal endothelial cells (BCEC) are seeded onto dishes in DME- 
H16 medium containing approximately 10% Fetal Calf Serum, 5% Calf Serum, 5% 
Dextran, 300 mcg/ml glutamine, 2.5 mcg/ml Amphotericin B, and 50 ng/ml bFGF; 

b) When the BCEC are confluent, the dishes will be treated with NH40H at a 
volume sufficient to cover at least 2/3 of the plate for at least about 5 minutes 
whereafter the NH40H removed; 

c) The dishes will be stored at 4 °C about a week prior to use in order to 
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eliminate any surviving BCEC; land 

d) Laminin, fibronectin, and type IV collagen will be added to the BCE-ECM plates, 
prior to plating of the corneal endothelial cells. 

7. The method of claim 5 wherein the artificially generated endothelial cell 
extracellular matrix (AG-ECM) is made by the process comprising: 

a) fibronectin, laminin and RGDS (Arg-Gly-Asp-Ser peptide) are prepared in a 
1 00 mcg/mL in distilled water; 

b) collagen type IV is prepared at a concentration of about 1 mg/mL in 0.01% 
acetic acid; 

c) basic fibroblast growth factor (bFGF) is prepared at a concentration of about 
1 00 mcg/mL in bovine serum albumin (0.05% w/v); 

d) the solutions of steps a, b, and c are mixed and then incubated at 4 °C for two 
hours; and 

* 

e) the mixture of step d is diluted about 1:10 with phosphate buffered saline, and 
then a sufficient amount of the solution is added to a dish and allowed to stand at 
4 °C for approximately 1 hour before use. 

8. Human corneal endothelial cells (HCEC) suitable for use in transplantation made 
using any one of the methods of claims 1 - 6. 



9. An apparatus for growing cells in culture having at. least one surface which is in 
contact with the cells and wherein the surface is coated with a mixture comprising 
BCE-ECM prior to use. 

10. The apparatus of claim 9 selected from the group consisting of: cell culture plates 
and flasks. 

11. The apparatus of claim 9 wherein the cells are mammalian cells. 

1 2. An apparatus for growing cells in culture having at least one surface which is in 
contact with the cells and wherein the surface is coated with a mixture comprising 
AG-ECM prior to use. 

♦ 

13. The apparatus of claim 12 wherein the cells are mammalian cells. 

14. A method of making HCEC cells wherein said HCEC are lacking class I HLA 
antigens comprising: dissecting human corneal endothelial cells from a neonatal 
source such that said cells do not express class I HLA antigens; growing said 
corneal endothelial cells at a low density in a range of about 100 to 500 cells per 
square millimeter in a primary culture system comprising extracellular matrix 
coated (ECM) culture plates for a period of time; passaging said cells into a 
secondary culture system wherein the secondary culture system is comprised of 
an ECM coated culture plates and the addition of sufficient cellular growth factors 
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until the cells are grown to cbnfiuency; and wherein said cells have grown to 
confluence and are then harvested from the second culture system in sufficient 
quantities to be useful in transplantation to a subject in vivo. 

15. The method of claim 14 wherein the ECM is comprised of Bovine corneal 
endothelial cell extracellular matrix (BCE-ECM). 

16. The method of claim 14 wherein the ECM is comprised of an artificially generated 
extracellular matrix (AG-ECM). 

17. A method of making HCEC cells wherein said HCEC are lacking class I HLA 
antigens comprising: dissecting human corneal endothelial cells from a tissue 
source, growing said corneal endothelial cells at a low density in a range of about 
100 to 500 cells per square millimeter in a primary culture system comprising 
extracellular matrix coated (ECM) culture plates for a period of time; passaging 
•said cells into a secondary culture system wherein the secondary culture system is 
comprised of an ECM coated culture plates and the addition of sufficient cellular 
growth factors until the cells are grown to confluency; wherein said cells have 
grown to confluence and are then harvested from the second culture system in 
sufficient quantities to be useful in transplantation to a subject in vivo\ 
transforming the cells such that the a cell line is created and said cells contain a 
targeted disruption in the HLA gene locus thereby inhibiting expression of HLA 
antigens. 



1 8. The method of claim 1 , 2 or 1 7, wherein the genotype of each HCEC cell line is 
determined using gel-based defection methods, using non-gel-based detection 
methods or with genetic markers. 

* 

19. The method of claim 1 , 2 or 17, wherein the target immunotype of each HCEC cell 
line is determined using serological or molecular methods. 

20. The method of claim 1 9, wherein the target immunotype is determined by HLA 
tissue typing. 

21 . A cell depository comprising multiple populations of HLA-typed HS HCEC cell 
lines, wherein each HCEC cell line is derived from a different dOnor and is 
homozygous for a unique HLA haplotype. • 

22. The cell depository of claim 21 , wherein the HCEC cell lines are obtained from 
donors of different ethnicities. 

23. The cell depository of claim 21 or 22, wherein the contents of the depository are 
catalogued. 

24. A method for producing an HCEC cell depository of genotyped HCEC cells from 
multiple donors comprising: (a) selecting donors; (b) determining the genotype of 
each donor; (c) isolating HCEC cells from primary cultures obtained from each 
donor; (d) culturing the isolated HCEC cells to obtain HCEC cell lines; (e) 
determining the genotype of each HCEC cell line; and (f) cataloging the genotype 
of each HCEC cell line obtained in (g). 
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25. A method for producing a HCEC cell depository of immunotyped HCEC cells from 
multiple donors comprising: (a) selecting donors; (b) determining the immunotype 
of each donor; (c) developing primary cultures of HCEC cells; (d) isolating HCEC 
cells from each donor; (e) culturing the isolated HCEC cells to obtain HCEC cell 
lines; (f) determining the immunotype of each HCEC cell line; and (g) cataloging 
the immunotype of each HCEC cell line obtained in (e). 

■ 

26. A method for producing a HCEC cell depository of genotyped and immunotyped 
HCEC cells from multiple donors comprising: (a) selecting donors; (b) determining 
the genotype arid immunotype of each donor; (c) developing primary cultures of 
HCEC cells; (d) isolating HCEC cells from each donor; (e) culturing the HCEC 
cells to obtain HCEC cell lines; (f) determining the genotype and immunotype of 
each HCEC cell line; and (g) cataloging the genotype and immunotype of each 
HCEC cell line obtained in (e). 

27. The method of claim 24, 25, or 26, wherein the donors are mammalian. 

28. The method of claim 26, wherein the donors are human. 

29. The method of claim 26, wherein the donors are non-human. 

30. A method of transporting HCEC for transplantation comprising the steps of: a) 
growing HCEC according to the method of claim 2 upon a biodegradable polymer 
membrane to confluency; b) placing the membrane coated with the HCEC into a 
flask or suitable container filled with culture medium; and c) transporting said 
membrane coated with the HCEC. 

31 . The method of claim 31 wherein said target tissue is a corneal button. 

32. The method of claim 31 wherein said target tissue is a secondary culture system. 

33. A method of transporting HCEC for transplantation comprising the steps of: a) 
growing HCEC according to the method of claim 2 upon a biodegradable polymer 
membrane to confluency; b) placing the membrane coated .with the HCEC onto a 
donor target tissue; c) growing the HCEC on the donor tissue for a time period 
sufficient to prevent dislodging during transportation; and d) transporting said 
tissue in a storage medium. 

34. The method of claim 33 wherein the target tissue is a denuded cornea. 

35. The method of claim 30 wherein the biodegradable polymer comprises a semi- 
solid state suitable for coating with BCE-ECM or other biocompatible coating such 
as Diamond-Like-Carbon. 

36. A method for protecting the regenerated target tissue of claim 33 from denuding 
during transport or implantation comprising the steps of: a) growing HCEC 
according to the method of claim 2 upon a biodegradable polymer membrane to 
confluency; b) placing the membrane coated with the HCEC onto a donor target 
tissue; c) growing the HCEC on the donor tissue for a time period sufficient to 
prevent dislodging during transportation in the presence of Healon which has been 
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conjugated to bFGF; and d) transporting said tissue in a storage medium having 
Healon conjugated to bFGF 

37. The method of claim 36 wherein the target tissue is a denuded cornea. 

38. The target tissue treated according to any one of claims 30, 33, 35, or 36. 

39. A method of storing HCEC regenerated target tissue for transplantation 
comprising the steps of: a) growing HCEC according to the method of claim 2 
upon a biodegradable polymer membrane to confluence b) placing the membrane 
coated with the HCEC onto a donor target tissue; c) growing the HCEC on the 
donor tissue for a time period sufficient to prevent dislodging during transportation; 
d) addition of an anti-icing or cryoprotective agent to said tissue in a storage 
medium; and e) storage of the target tissue at a very low temperature. 

40. A method for denuding a native cornea to make it suitable for transplantation or 
correction comprising the steps of: 

a) a corneal button or other target tissue is placed in a suitable holder; 

b) a sufficient quantity of denuding reagent is added to the holder in step a so 
that it completely covers the target tissue; 

c) the tissue is incubated with the denuding reagent for a sufficient period of 
time at approximately room temperature; and 

d) the target tissue is washed with an appropriate buffer approximately 1 0 
times. 

41., The method of claim 40 wherein the denuding reagent is comprised of a solution 
of Triton X at a concentration of about 0.01 to 1% v/v in phosphate buffered 
saline. 

42: The method of claim 41 wherein the incubation time is about 5 minutes. 

43. The method of claim 40 wherein the denuding reagent is comprised of a solution 
of ammonium hydroxide at a concentration of about 20 mM. 

44. The method of claim 43 wherein the incubation time is between about 2 to 5 
minutes. 

45. A method for denuding a native cornea to make it suitable for transplantation or 
correction comprising the steps of: 

a) a corneal button or other target tissue is placed in a suitable holder; 

b) a sufficient quantity of distilled water is added to the holder in step a so 
that it completely covers the target tissue; 

c) the tissue is incubated with the denuding reagent for about 1 5 minutes at 
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approximately room temperature; 

d) about half the volume of water is aspirated off; 

e) the wetted endothelium is the mechanically swept off from the corneal 
button; and 

f) the corneal button is then washed approximately 3 times with phosphate 
buffered saline. 

46. A reconstituted extracellular matrix preparation comprising: a sufficient amount of 
growth factor mixture and a sufficient amount of adhesion factor mixture. 

47. The growth factor mixture of claim 46 comprising a sufficient quantity of bFGF, 
EGF and polycarbophyll in a suitable biological buffer. ' 

48. The growth factor mixture of claim 47 wherein the concentrations of bFGF, EGF 
and polycarbophyll are approximately 3.33 mcg/mL, 33.33 mcg/mL and 0.33 
mg/mL respectively, 

49. . The adhesion factor mixture of claim 46 comprising a sufficient quantity of laminin, 
fibronectin, RGDS, and collagen IV in a suitable biological buffer. 

50. The growth factor mixture of claim 47 wherein the concentrations of laminin, 
fibronectin, RGDS, are approximately 83.33 mcg/mL, and collagen IV is 
approximately 250 mcg/mL 

51 . A method of coating a denuded cornea comprising: 

* * . 

a) : a corneal button or other target tissue is placed in a suitable holder; 

b) the corneal button is then washed with phosphate buffered saline; 

c) a sufficient quantity of reconstituted extracellular matrix preparation of 
claim 46 is added to the holder in step a so that it completely covers the target 
tissue; 

d) the corneal button is incubated for a sufficient period of time at 
. . approximately 4 °C; and 

e) the corneal button is then washed with phosphate buffered saline or other 
suitable buffer. 
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52. A method of coating a denuded cornea comprising: 

a) a corneal button or other target tissue is placed in a suitable holder; 

b) the corneal button is then washed with phosphate buffered saline; 

c) a sufficient quantity of reconstituted extracellular matrix preparation of 
claim 46 is added to the holder in step a so that it completely covers the target 
tissue; 

d) the corneal button is incubated for a sufficient period of time at 
approximately 4 °C; 

e) the corneal button is then washed with phosphate buffered saline or other 
suitable buffer; and 

f ) approximately 300 mcL of Healoh is added to the corneal button prior to 
seeding of new endothelial cells. 
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Direct all correspondence to: ^ Customer Number 38551 


OR Correspondence address below 


Name 


Address 


City 


State 


ZIP 


Country Telephone 


Fax 


1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 


NAME OF SOLE OR FIRST INVENTOR: PI A h „„ i ^ A * *u- 

I 1 A petition has been filed for this unsigned inventor 


Given Name 

(first and middle pf any]^ M . ng 


Family Name 
or Surname, . 

Lui 


Inventor's • - • 
Signature 


Date 

October 10, 2003 


Residence: City 
Honolulu 


State 

HI 


Country 

USA 


Citizenship 

USA 


Mailing Address 

55 South Kukui Street, Apt 2810 


City 
Honolulu 


State 

HI 


ZIP 

96813 


Country 

USA 


NAME OF SECOND INVENTOR: 


1 1 A petition has been filed for this unsigned inventor 


Given Name 

(first and middle [if any]) 


Family Name 
or Surname 


Inventor's 
Signature 


Pate 


Residence: City 


State 


Country 


Citizenship 


Mailing Address 


City 


State 


ZIP 


Country 


| | Additional inventors or a legal representative are being named on the supplemental sheet(s) PTO/SB/02A or 02LR attached hereto. 
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Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/US04/032933 
International filing date: 07 October 2004 (07.10.2004) 



Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 60/510,344 

Filing date: 10 October 2003 (10.10.2003) 



Date of receipt at the International Bureau: 22 November 2004 (22.11.2004) 



Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 
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